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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a rotary shaft 
lubricating structure for lubricating a plurality of rotary 
shafts by supplying oil from an upstream side to a down- 
stream side of a lubricating oil passage defined in a 
bearing block, the upstream-side rotary shafts being 
supported respectively In a plurality of upstream-side 
annular bearing members which have first and second 
oil bores at locations spaced apart from one another 
through a predetermined angle and which are fixed in a 
plurality of bearing bores defined in the bearing block, 
the lubricating oil passage passing through the bearing 
bores. 

2. DESCRIPTION OF THE RELATED ART 

[0002] Such a rotary shaft lubricating structure is al- 
ready known from Japanese Utility Model Publication 
No, 64-3847 showing the prior art according to the pre- 
amble of claim 1 . In the structure described In this pub- 
lication, first and second bearing members (bushings) 
for supporting journal portions of first and second bal- 
ancer shafts have different shapes. The first bearing 
member located upstream of the lubricating oil passage 
(i.e., lubricating oil supply passage) has two oil bores 
communicating with the lubricating oil passage, and the 
second bearing member located downstream of the lu- 
bricating oil passage has a single oil bore communicat- 
ing with the lubricating oil passage. Therefore, the oil 
supplied from the upstream side of the lubricating oil 
passage passes through the two oil bores of the first 
bearing member to lubricate the journal portion of the 
first balancer shaft and then passes through the single 
oil bore of the second bearing member to lubricate the 
journal portion of the second balancer shaft. At this time, 
the downstream end of the lubricating oil passage is 
closed by the second bearing member having the single 
oil bore and hence, it is unnecessary to close the down- 
stream end of the lubricating oil passage by a special 
blind plug, leading to a reduced number of parts. 
[0003] However, the above known structure suffers 
from a disadvantage in that the shapes (the number of 
the oil bores) of the first and second bearing members 
must differ from each other, resulting in an increased 
number of types of parts. which require an increase in 
both manufacturing and management costs. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, it is an object of the present inven- 
tion to ensure that the downstream end of the lubricating 
oil passage can be closed by a single type of bearing 
member without using a special closing member such 


as a blind plug. 

[0005] To achieve the above object, according to the 
present invention, there is provided a rotary shaft lubri- 
cating structure as defined by claim 1 . 
5 [0006] With such an arrangement, the downstream 
end of the lubricating oil passage can be closed without 
using a special closing member only by preparing the 
plurality of bearing members having the same shape 
and by setting the angle of fixing of the downstream end- 
side bearing member located at the downstream end 
portion in the oil supplying direction, so that the angle is 
different from those of the other bearing members, 
thereby reducing the number of parts. Moreover, it is un- 
necessary to manufacture a plurality of types of bearing 
members having different shapes, which can contribute 
to a reduction in cost. Further, when the bearing mem- 
bers are fixed at different angles, it is not restricted or 
hindered by the bearing bores in the bearing block, lead- 
ing to an enhanced case of assembly. 
[0007] The above and other objects, features and ad- 
vantages of the invention will become apparent from the 
following description of the preferred embodiments tak- 
en in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figs. 1 to 1 0 illustrate a first embodiment of the 
present Invention, wherein 

Fig.1 is a vertical sectional view of an engine; 
Fig.2 is a sectional view taken along a line 2-2 in 

Fig.l; 

Fig.3 is a view taken in a direction of an arrow 3 In 
Fig.2; 

Fig.4 is an enlarged view (a bottom view of a sec- 
ondary balancer device) taken along a line 4-4 in 
Fig.2; 

Fig.5 is a sectional view taken along a line 5-5 in 
Fig.4; 

Fig.6 is a sectional view taken along a line 6-6 In 

.Fig.4; 

Fig.7 is an enlarged sectional view taken along a 
line 7-7 in Fig.4; 

Fig.8 is a sectional view taken along a line 8-8 in 
Fig. 2; 

Fig.9 is an enlarged view of an essential portion in 
Fig.8; 

Fig. 10 is a perspective view of a bearing bushing; 
Fig. 11 is a view corresponding to Fig.9, but accord- 
ing to a second embodiment of the present inven- 
tion; and 

Fig. 12 is a view corresponding to Fig.9, but accord- 
ing to a third embodiment of the present invention. 

DETAILED DESCIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] The present invention will now be described by 
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way of preferred embodiments with reference to the ac- 
companying drawings. 

[001 0] A first embodiment of the present invention will 
be first described with reference to Figs.1 to 10. 
[0011] Referring to Figs.1 to 3, an engine E in the 
present embodiment is an in-line 4-cylinder engine 
which includes a crankshaft 1 disposed horizontally, and 
four cylinder axes 2 disposed substantially vertically An 
engine body includes a cylinder head 3, a cylinder block 
4 coupled to a lower surface of the cylinder head 3, a 
lower block 5 coupled to a lower surface of the cylinder 
block 4, and an oil pan 6 coupled to a tower surface of 
the lower block 5. #1 , #2, #3, #4 and #5 journal portions 
1i, I2. 13. l4and 1 5 are clamped and rotatably support- 
ed between five journal support portions 4^, 43, 43, 44 
and 45 formed on the lower surface of the cylinder block 
4 and five journal support portions 5^ , 62, 63, 64 and 65 
formed on an upper surface of the lower block 5. 
[0012] The lower surface of the lower block 5 is pro- 
vided with an oil pump 7 comprised of a trochoidal pump 
and a secondary balancer device 8 for reducing the sec- 
ondary vibration of the engine E. The oil pump 7 and the 
secondary balancer device 8 are immersed in an oil ac- 
cumulated in the oil pan 6. The oil pan 6 has a depth at 
a location below the #1 journal portion 1^ larger than 
that at a location below the #4 journal portion I4, which 
Is convenient for disposition of the oil pump 7. 
[0013] As can be seen from Figs. 4 to 6, a pump hous- 
ing 9 of the oil pump 7 coupled to a lower surface of the 
journal support portion 5, of the lower block 5 is com- 
prised of two members: a pump body 11 and a pump 
cover 12 which are integrally coupled to each other by 
five bolts 10. Six reinforcing ribs 12^3 ^^^b Project 
from a surface of the pump cover 1 2 opposite from the 
pump body 11 (see Fig. 5). Not only the supporting rigid- 
ity for a rear balancer shaft 22, which will be described 
hereinafter, can be enhanced, but also a variation in oil 
level due to sloshing of the oil within the oil pan 6 can 
be suppressed, by the reinforcing ribs 12ia and ^2^^y. 
Particularly, the supporting rigidity for the rear balancer 
shaft 22 can be remarkably enhanced by the five rein- 
forcing ribs 12ia radially formed on the journal support 
portions of the rear balancer shaft 22. 
[0014] The pump body 11 includes an intake port 11 ^ 
which opens into a mating surface thereof to the pump 
cover 1 2» a discharge port 1 1 2 and a pump chamber 1 1 3. 
An inner rotor 1 5 meshed with an outer rotor 1 4 rotatably 
carried in the pump chamber 11 3 is coupled to and driv- 
en by a pump shaft 1 6 rotatably carried in the pump body 
11. 

[001 5] An oil strainer 1 7 is provided for filtering the oil 
within the oil pan 6 to supply the filtered oil to the intake 
port 11, of the oil pump 7, and has a mounting flange 
17^ which is fastened to the pump cover 12 by two of 
the five bolts 1 0 for coupling the pump cover 1 2 to the 
pump body 11. The oil discharged from the discharge 
port 1 1 2 of the oil pump 7 is supplied through an oil pas- 
sage II4 to an oil gallery 13(see Fig.8) defined In the 


cylinder block 4 and then supplied therefrom as a lubri- 
cating oil to various portions of the engine E. 
[0016] Thus, the oil pump 7 having the above-de- 
scribed construction is coupled to the lower surface of 

5 the lower block 5 by two bolts 18, 18 passing through 
the pump body 11 below the #1 journal portion 1^, and 
by a single bolt 19 passing through the pump body 11 
below between the #1 and #2 journal portions 1, and 
I2, i.e., at a location offset toward a bracing journal por- 

10 tion 264. 

[0017] The secondary balancer device 8 includes a 
front balancer shaft 21 and a rear balancer shaft 22 

which are rotated in opposite directions at twice the 
speed of the crankshaft 1 . The front balancer shaft 21 
is comprised of a shaft body 23 and a pair of cylindrical 
covers 24 and 25. The shaft body 23 includes a pair of 
balancer weight portions 23, and 282 eccentric from a 
rotational axis of the shaft body 23, a main journal por- 
tion 283 formed between both the balancer weight por- 
tions 23^ and 232, ^ bracing journal portion 284 formed 
at one of axial ends, and a driving helical gear 285 
formed adjacently to the main journal portion 283. The 
pair of cylindrical covers 24 and 25 are disposed coax- 
ially with the rotational axis and fixed to the shaft body 

28 so as to cover the pair of balancer weight portions 
23, and 282. 

[0018] The rear balancer shaft 22 is also comprised 
of a shaft body 26 and a pair of cylindrical covers 27 and 
28, as is the front balancer shaft 21 . The shaft body 26 
includes a pair of balancer weight portions 26^ and 262 
eccentric from a rotational axis of the shaft body 26, a 
main journal portion 263 formed between both the bal- 
ancer weight portions 26, and 262, a bracing journal por- 
tion 264 formed at one of axial ends, and a follower hel- 
ical gear 265 formed adjacently to the main journal por- 
tion 263. The pair of cylindrical covers 27 and 28 are 
disposed coaxially with the rotational axis and fixed to 
the shaft body 26 to cover the pair of balancer weight 
portions 26^ and 262. 

[001 9] By covering the balancer weight portions 28^ , 
282;. 26i and 262 with the cylindrical covers 24, 25; 27 
and 28 in the above manner, the balancer weight por- 
tions 23i, 282: 26, and 263 can be prevented from stir- 
ring the oil within the oil pan 6, thereby alleviating the 
rotational resistance of the front and rear balancer 
shafts 21 and 22. 

[0020] As can be seen from Fig. 7, a balancer holder 

29 made of an iron-based material is coupled to a lower 
surface of the journal supporting portion 63 of the lower 
block 5 by two bolts 30, 30. The driving helical gear 23^ 
of the front balancer shaft 21 and the follower helical 
gear 265 of the rear balancer shaft 22 are accommodat- 
ed in a meshed relation within a gear chamber 29, de- 
fined in a balancer holder 29. A thrust plate 31 for limiting 
the axial movement of the front and rear balancer shafts 
21 and 22 is fixed to the balancer holder 29 by three 
bolts 32 to cover an opening in the gear chamber 29,. 
An oil releasing bore 31, is defined in a central portion 
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of the thrust plate 31 , so that a hydraulic pressure gen- 
erated within the gear chamber 29^ by meshing of the 
driving helical gear 285 with the follower helical gear 265 
is released through the oil releasing bore 31 ^ 
[0021 ] The driving and follower helical gears 235 and 
265 are provided between the main journal portions 233 
and 263 and the bracing journal portions 234 and 264 of 
both the balancer shafts 21 and 22 and in proximity to 
the main journal portions 23^ and 263, respectively, 
leading to a very good meshing accuracy. In addition, 
since the thrust plate 31 is formed from a single member 
and hence, a reduced number of parts are required, and 
it is easy to attach the thrust plate 31 . The oil releasing 
bore 31 , is provided at a location where the pressure in 
the gear chamber 29^ is greater, and below the gear 
chamber 29^, which is convenient for releasing of the 
oil. Further, because the balancer holder 29 is made of 
the iron-based material having a small thermal coeffi- 
cient of expansion, the variation in distance between ax- 
es of the balancer shafts 21 and 22 can be minimized, 
thereby preventing the generation of an abnormal sound 
due to a failure of meshing of the helical gears 235 and 
265. 

[0022] As can be seen from Fig.4, the bracing journal 
portion 23^ of the front balancer shaft 21 is supported 
in a bearing bore 11 5 defined in the pump body 11, and 
the bracing journal portion 264 of the rear balancer shaft 
22 is supported in a bearing bore 122 <^3fined in the 
pump cover 12. The pump shaft 16 of the oil pump 7 
and the rear balancer shaft 22 are disposed coaxially 
with each other, and an oil chamber 1 23 is defined in the 
pump cover 1 2 to communicate with the axial end of the 
pump shaft 16 through an oil passage 124, so that the 
axial end of the bracing journal portion 264 (see Fig.4) 
of the rear balancer shaft 22 faces the oil chamber 1 23. 
[0023] In this way, each of the balancer shafts 21 and 
22 Is supported at two places: first, at the lengthwise 
central main journal portion 283, 263 and second, at the 
bracing journal portion 23^, 264 at the axial end, respec- 
tively. Hence, the vibration of both the balancer shafts 
21 and 22 with the rotation can be reliably prevented. 
Moreover, since the bracing journal portion 264 of the 
rear balancer shaft 22 is supported in the bearing bore 
1 22 in the pump cover 1 2, the length of the rear balancer 
shaft 22 is shortened and hence, the balancer shaft 22 
can be supported in a more stable manner. Further, 
since the pump body 11 is coupled to the lower surface 
of the lower block 5 by the bolt 19 at the location offset 
toward the bracing journal portion 264, leading to an re- 
markably enhanced supporting rigidity for the rear bal- 
ancer shaft 22. 

[0024] Lubrication of the front and rear balancer 

shafts 21 and 22 supported on the balancer holder 29 
will be described below with reference to Figs.8 to 10. 
[0025] As shown in Fig. 8, the main gallery 1 3 defined 
in the cylinder block 4 in parallel to the crankshaft 1 is 
connected to an oil passage 4y defined in a surface of 
the cylinder block 4 mated to the lower block 5 through 


an oil passage 40 defined in the cylinder block 4. The 
cylinder block 4 and the lower block 5 are integrally cou- 
pled to each other by a plurality of bolts 51 and the two 
bolts 30, 30 for coupling the balancer holder 29 to the 
5 lower block 5. The oil passage 4j in the mated surface 
of the cylinder block 4 communicates with lubricating oil 
passages 293, 294, and 295 defined in the balancer hold- 
er 29 through oil passages 5q and 292 defined between 
the lower block 5 as well as the balancer holder 29 and 
10 an outer periphery of one of the two bolts 30, 30. The 
oil passage 47 in the mated surface of the cylinder block 
4 also communicates with an oil channel 45 surrounding 
a part of the #3 journal portion I3 of the crankshaft 1 to 
lubricate the #3 journal portion I3. 
15 [0026] A bearing cap 6I3 (see Fig.8) made of an iron- 
based material is embedded in the lower block 5 made 
of an aluminum-based material, and the bearing cap 61 3 
and the balancer holder 29 made of the iron-based ma- 
terial are commonly clamped to the cylinder block 4 
made of an aluminum -based material. Therefore, the 
weight of the lower block 5 can be reduced, and the sup- 
porting rigidity for the crankshaft 1 and both the balancer 
shafts 21 and 22 can be remarkably enhanced. Bolts 
51 , 51 for fixing the bearing cap 6I3 made of the iron- 
based material in the vicinity of the crankshaft 1 and the 
bolts 30, 30 for fixing the bearing cap 61 3 and the bal- 
ancer holder 29 made of the iron-based material at por- 
tions outside of the bolts 51 , 51 are disposed in parallel 
to each other. Moreover, an oil passage 4q for lubricating 
the balancer shafts 21 and 22 are defined between both 
the bolts 51 and 30. Therefore, the cylinder block 4 and 
the lower block 5 can be formed in a compact manner. 
[0027] As can be seen from Flg.9, two bearing bores 
29e and 297 are provided in the balancer holder 29 for 
mounting of a first bearing bushing 523 and a second 
bearing bushing 52^ which support the front and rear 
balancer shafts 21 and 22, respectively. The lubricating 
oil passages 293, 294 and 295 are cut from the right side 
to the left side in Fig.9 by a single drill and extend 
through the two bearing bores 29^ and 297 to the oil pas- 
sage 292 defined around the outer periphery of the bolt 
30. Axes L of the lubricating oil passages 293, 294 and 
295 are oriented eccentrically upwards by a predeter- 
mined distance 5 from centers O, O of the bearing bores 
29g and 297 (i.e., centers O, O of the front and rear bal- 
ancer shafts 21 and 22). 

[0028] Each of the first and second bearing bushings 
52^ and 52j3 mounted in the two bearing bores 296 
29j in the balancer holder 29 is made of the same ma- 
terial and has a first oil bore 523^, 52^^ and a second oil 
bore 5232, 52^2 locations spaced apart from each oth- 
er by a center angle 9 different from 180*. as shown in 
Fig. 10. Each of the first and second bearing bushings 
52a S'^d 52b has a notch 523 defined in a side edge 
thereof, which is adapted to be engaged by a projection 
of a press-fit jig to limit the phase of the bearing bushings 
52^ and 52^ when the bearing bushings 523 and 52^, are 
press-fitted into the bearing bores 29q and 297. 
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[0029] The first upstream end-side bearing bushing 
52a mounted in the bearing bore 296 support the main 
journal portion 263 of the rear balancer shaft 22 is dis- 
posed so that the first and second oil bores 52^1 and 
52a2 defined therein communicate with the lubricating 
oil passages 293 and 294, respectively. The second 
downstream end-side bearing bushing 52^ mounted in 
the bearing bore 297 to support the main journal portion 
233 of the front balancer shaft 21 is disposed so that the 
first oil bore 52^^ communicates with the lubricating oil 
passage 294 and the second oil bore 52^2 is closed to 
keep out of the lubricating oil passage 295. An annular 
oil channel 2Qq is defined around the outer periphery of 
the main journal portion 263 of the rear balancer shaft 
22. and the two oil bores 52^^^ and 52^ in the first bear- 
ing bushing 52a communicate with each other through 
the oil channel 266- Because the annular oil channel 26g 
is defined, the amount of lubricating oil supplied to the 
bearing bushing 62^ located at the downstream end can 
be assured. 

[0030] As can be seen from Ftgs.1 and 4. a pump fol- 
lower sprocket 33 and a balancer follower sprocket 34 
are fixed to the axial end of the pump shaft 1 6 extending 
from the pump body 11 and the axial end of the front 
balancer shaft 21 . respectively. Both the sprockets 33 
and 34 are connected through an endless chain 36 to a 
driving sprocket 35 fixed to the axial end of the crank- 
shaft 1 . A chain guide 37 is mounted on the tensioned 
side of the endless chain 36, and a hydraulic chain ten- 
sioner 38 is mounted on the loosened side of the end- 
less chain 36. 

[0031 ] The balancer follower sprocket 34 has one-half 
the number of teeth of the driving sprocket 35, and the 
pump follower sprocket 33 has a number of teeth which 
is different from the number of teeth of the balancer fol- 
lower sprocket 34. It is preferable for performance of the 
oil pump 7 that the balancer follower sprocket 34 has a 
smaller number of teeth than the pump follower sprocket 
33. The endless chain 36 for driving the oil pump 7 and 
the front balancer shaft 21 is disposed inside an endless 
chain 36a for driving a camshaft, namely, on the side of 
the #1 journal portion 1^ of the crankshaft 1. 
[0032] The operation of the embodiment of the 
present invention having the above-described arrange- 
ment will be described below. 
[0033] When the engine E is driven, the rotation of the 
crankshaft 1 is transmitted through the driving sprocket 
35 and the endless chain 36 to the pump follower 
sprocket 33 and the balancer follower sprocket 34. 
Since the balancer follower sprocket 34 has one-half the 
number of teeth of the driving sprocket 35, the front bal- 
ancer shaft 21 and the rear balancer shaft 22 connected 
to the front balancer shaft 21 through the driving helical 
gear 235 and the follower helical gear 265 having the 
same number of teeth are rotated in opposite directions 
at a speed twice that of the crankshaft 1 to alleviate the 
secondary vibration of the engine E. In addition, since 
the pump follower sprocket 33 has a number of teeth 


which is different from the number of teeth of the bal- 
ancer follower sprocket 34, the pump shaft 1 6 is rotated 
at a speed different from the number of revolutions of 
the balancer shafts 21 and 22 (e.g., at a speed one-half 
5 the speed of the balancer shafts 21 and 22). 

[0034] In this way. the pump shaft 1 6 and the rear bal- 
ancer shaft 22 disposed below the cylinder block 4 are 
disposed coaxially in a separated manner and driven in- 
dependently. Therefore, the size of the oil pump 7 can- 
not be increased and moreover, not only the oil pump 7 
and the rear balancer shaft 22 can be disposed in a com- 
pact manner below the cylinder block 4, but also the 
speed of the oil pump 7 can be set at a value unrelated 
to the speed of the rear balancer shaft 22 to maintain 
freedom of design. The pump shaft 1 6 and the rear bal- 
ancer shaft 22 are not necessarily to be disposed exact- 
ly coaxially with each other, but if the reduction in size 
and design freedom of the engine E are taken into con- 
sideration, it is desirable that the pump shaft 1 6 and the 
rear balancer shaft 22 are disposed coaxially with each 
other, as in the embodiment. 

[0035] As can be seen from Fig. 4, since the oil supply 
channel 125 is defined in the surface of the pump cover 
12 opposed to the pump shaft 1 6 and communicates at 
one end with the discharge port 11 2 of the oil pump 7 
and at the other end with the axial oi! passage 124 de- 
fined in the pump cover 1 2, the oi! supplied from the dis- 
charge port II2 through the oil supply channel 124 is 
supplied via the axial oil passage 1 24 to the oil chamber 
123 to lubricate the bracing journal portion 264 of the 
rear balancer shaft 22 supported in the bearing bore 1 22 
connected to the oil chamber 123. Because the oil pas- 
sage 124 is defined in the pump cover 12 in the above 
manner, the bracing journal portion 264 of the rear bal- 
ancer shaft 22 can be lubricated through the oil passage 
having a minimum length. 

[0036] The rear balancer shaft 22 is biased in a direc- 
tion of an arrow A in Fig.4 by a reaction force received 
by the follower helical gear 265 of the rear balancer shaft 
22 from the driving helical gear 235 of the front balancer 
shaft 21 . However, the axial end of the bracing journal 
portion 264 of the rear balancer shaft 22 is biased in a 
direction of an arrow B by a hydraulic pressure applied 
to the oil chamber 1 23 through the oil supply channel 
125 and the axial oil passage 124 defined in the pump 
cover 12 and hence, the movement of the rear balancer 
shaft 22 in the thrust direction can be restrained to pre- 
vent abnormal sound generation. 
[0037] Now, the oil supplied from the oil pump 7 to the 
main gallery 1 3 in the cylinder block 4 is supplied via the 
oil passages 4q and Aj in the cylinder block 4, the oil 
passage 5g in the lower block 5 and the oil passage 292 
In the balancer holder 29 to the lubricating oil passage 
293 in the balancer holder 29. The oil supplied to the 
lubricating oil passage 293 passes through the first oil 
bore 52^^ in the first bearing bushing 52a ^^^^ bal- 
ancer shaft 22 to lubricate the main journal portion 263 
of the rear balancer shaft 22. Such oil is supplied 
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through the oil channel 265 defined in the main journal 
portion 263 and the second oil bore 5232 in the first bear- 
ing bushing 523 to the lubricating oil passage 294 in the 
balancer holder 29. The oil supplied to the lubricating oil 
passage 284 passes through the first oil bore 52^^ in the 
second bearing bushing 52^ of the front balancer shaft 
21 to lubricate the main journal portion 283 of the front 
balancer shaft 21. 

[0038] At this time, the oil which has lubricated the 
main journal portion 283 of the front balancer shaft 21 Is 
prevented from entering the lubricating oil passage 285, 
because the second oil bore 52^,2 in the second bearing 
bushing 52^ of the front balancer shaft 21 is closed to 
keep out of the lubricating oil passage 295 in the balanc- 
er holder 29, as can be seen from Fig.9. Even if the same 
material is used for the first bearing bushing 52^ of the 
front balancer shaft 21 and the second bearing bushing 
52(5 of the rear balancer shaft 22 to reduce the number 
of types of parts, the end opening of the lubricating pas- 
sage 295 need not be occluded by a special member 
such as a blind plug, which can contribute to a reduction 
in number of parts. 

[0039] In addition, since the oil passages Sg and 292 
for guiding the oil to the lubricating oil passages 293 to 
295 are made utilizing the bolt bores In the bolts 30 for 
coupling the lower block 5 and the balancer holder 29 
to the cylinder block 4, the oil passages Sg and 292 
be easily made. Moreover, since the lubricating oil pas- 
sages 293 to 295 in the balancer holder 29 are defined 
offset above the centers O, O of the bearing bores 29g 
and 297 (on the side of the lower block 5), the length of 
the oil passage 292 balancer holder 29 can be 
shortened to the minimum, but also the positions of the 
seating faces of the bolts 30, 30 can be shifted upwards 
to contribute to the reduction In size of the engine E. 
This Is convenient particularly when the rear side of the 
oil pan 6 (below the rear balancer shaft 22) is shallower 
than the front side of the oil pan 6 (below the front bal- 
ancer shaft 21), as shown in Fig.1 . 
[0040] In the embodiment shown in Fig.9. all of the 
three oil bores 52ai, 52^2 and 52^1 in the bearing bush- 
ings 52a 52b open into the lubricating oil passages 
293 and 294 and hence, It is unnecessary to enlarge the 
oil bores 52^^, 5232 and 52|3^ more than required. Thus, 
the sizes of the oil bores 523^ , 5232 and 52^^ can be set 
depending upon the amount of the lubricating oil, while 
a sufficient rigidity of the oil bushings 52a, as- 
sured, thereby enhancing the freedom of design. 
[0041 ] Fig.1 1 illustrates a second embodiment of the 
present Invention. In this second embodiment, lubricat- 
ing oil passages 293 to 295 in the balancer holder 29 are 
defined offset above the centers O, O of the bearing 
bores 296 297, and first oil bores 52^^ and 52^,1 and 
second oil bores 5232 and 52^2 defined respectively in 
two bearing bushings 523 and 52^, made of the same 
material have a center angle equal to 180°. Even with 
the second embodiment, a function and effect similar to 
those in the first embodiment can be provided by the 


fact that the two oil bores 52ai and 52a2 in the first bear- 
ing bushing 52a of the rear balancer shaft 22 communi- 
cate with the lubricating oil passages 293 and 294; the 
first oil bore 52^1 in the second bearing bushing 62^ of 

5 the front balancer shaft 21 communicates with the lubri- 
cating oil passage 294, and the second oil bore 52^2 
closed to keep out of the lubricating oil passage 295. 
Moreover, since the center angle 8 formed by the first 
and second oil bores 523^. 52^^ and 5232. 52^,2 in the 

10 bearing bushings 523 and S2^ is 180^, it is easy to cut 
the oil bores 52ai, 52^1, 52a2 and 52b2- 
[0042] Fig.1 2 illustrates a third embodiment of the 
present invention. In the third embodiment, lubricating 
oil passages 293 to 295 in the balancer holder 29 are 

IS defined to extend through the centers of O, O of the 
bearing bores 29e and 297, and first and second oil 
bores 52ai, 52^,1, 52a2 and 52^,2 defined in two bearing 
bushings 52a "^^ide of the same material have 

a center angle 9 different from 1 80''. Even with the third 

20 embodiment, a function and an effect similar to those In 
the first embodiment can be provided by the fact that the 
two oil bores 52ai and 5232 In the first bearing bushing 
52a 0^ ^^^^ balancer shaft 22 communicate with the 
lubricating oil passages 293 and 294; the first oil bore 

25 52^1 in the second bearing bushing 52^ of the front bal- 
ancer shaft 21 communicates with the lubricating pas- 
sage 294, and the second oil bore 52^,2 is closed to keep 
out of the lubricating oil passage 295. Moreover, since 
the lubricating oil passages 293 to 295 extend through 

30 the centers O, O of the bearing bores 29^ and 297, It Is 
easy to cut the lubricating oil passages 293 to 295. 
[0043] Although the embodiments of the present in- 
vention have been described in detail, it will be under- 
stood that the present invention is not limited to the 

35 above-described embodiments, and various modifica- 
tions may be made without departing from the scope of 
the invention defined in the claims. 
[0044] For example, the structure for lubricating the 
balancer shafts 21 and 22 has been described and il- 

40 lustrated in the embodiments, but the present invention 
is applicable to the lubrication of any other shafts and 
moreover, the number of such shafts may be three or 
more. 

[0045] An engine has two balancer shafts supported 
45 on two bearing bushings which are made of the see ma- 
terial and mounted to a balancer holder. Lubricating oil 
passages for supplying oil to the bearing bushings are 
defined offset upwards from the centers O of the bearing 
bushings and by a distance 5. Each of the bearing bush- 
so ings has two oil bores having a center angle 0 other than 
180°. The two oil bores In the bearing bushing of one 
balancer shaft communicate with the lubricating oil pas- 
sages, and one of the oil bores In the bearing bushing 
of another balancer shaft communicates with the lubri- 
55 eating oil passage, while the other oil bore of that anoth- 
er balancer shaft is closed to keep out of the lubricating 
oil passage. Thus, downstream ends of the lubricating 
oil passages for supplying the oil to the bearing bushings 
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claim 2, 

wherein said first and second oil bores are 
spaced apart from each other through an angle 
equal to 180*'. 

5 

5. A rotary shaft lubricating structure according to 
claim 1 , wherein said bearing block is coupled by a 
bolt to a body block having an oil passage for sup- 
plying the oil to said lubricating oil passage, 

10 

wherein an oil passage is defined around an 
outer periphery of a bolt bore.through which 
said bolt is inserted, so as to communicate with 
said lubricating oil passage in said bearing 

15 block, 

wherein said lubricating oil passage in said 
bearing block is defined to extend through the 
center of said bearing bore, and 
wherein said first and second oil bores are 

20 spaced apart from each other through an angle 

different from 180®. 

6. A rotary shaft lubricating structure according to 
claim 1 , 

25 

wherein said bearing block comprises a balanc- 
er shaft support member coupled to a lower sur- 
face of the cylinder block of an engine through 
a lower block, 

30 wherein said rotary shaft comprises a balancer 

shaft supported on said balancer shaft support 

member, 

wherein said lower block having a bearing cap 
for supporting a journal portion of a crankshaft 

35 is placed into abutment against opposite side- 

walls of said cylinder block, said balancer shaft 
support member being placed into abutment 
against a lower surface of said lower block, said 
lower block and said balancer shaft support 

40 member being commonly clamped to said cyl- 

inder block by a common bolt, and 
wherein a bore through which said bolt is insert- 
ed is utilized as an oil passage for supplying the 
oil to said lubricating oil passage. 

45 

7. A rotary shaft lubricating structure according to 

claim 6, 

wherein said lubricating oil passage is defined 
offset from the center of said bearing bore toward 
50 said lower block. 


of the plurality of rotary shafts can be closed without use 
of a special closing member such as a blind plug. 


Claims 

1. A rotary shaft lubricating structure for lubricating a 
plurality of rotary shafts by supplying an oil from an 
upstream side to a downstream side of a lubricating 
oil passage defined in a bearing block, comprising: 

a plurality of bearing bores, said lubricating oil 
passage passing through said plurality of bear- 
ing bores; and 

a plurality of annular bearing members, said ro- 
tary shafts being supported respectively in said 
plurality of annular bearing members at least 
one of which has first and second oil bores 
spaced apart from one another through a pre- 
determined angle and which bearing members 
are fixed in said plurality of bearing bores de- 
fined in the bearing block, 
wherein said first and second oil bores in the 
bearing members excluding a downstream 
end-side bearing member located at a down- 
stream end in an oil supplying direction open 
into said lubricating oil passage, 
wherein an upstream-side oil bore in said 
downstream end-side bearing member opens 
into said lubricating oil passage, characterised 
by 

a downstream-side oil bore in the said down- 
stream end-side bearing member which down- 
stream-side oil bore is closed by said bearing 
block to keep out of said lubricating oil passage. 

2. A rotary shaft lubricating structure according to 
claim 1 , 

wherein said bearing block is coupled by a bolt 
to a body block having an oil passage for sup- 
plying the oil to said lubricating oil passage, 
wherein another oil passage is defined around 
an outer periphery of a bolt bore, through which 
said bolt is inserted, to communicate with said 
lubricating oil passage In said bearing block, 
and 

wherein said lubricating oil passage in said 
bearing block is defined offset from the center 
of said bearing bore toward said body block. 

3. A rotary shaft lubricating structure according to 
claim 2, 

wherein said first and second oil bores are 
spaced apart from each other through an angle oth- 
er than 180**. 

4. A rotary shaft lubricating structure according to 


8. A rotary shaft lubricating structure according to 
claim 1 , 

55 wherein said bearing block comprises a balanc- 

er shaft support member coupled to a lower sur- 
face of the cylinder block of an engine through 
a lower block. 
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wherein said rotary shaft comprises a balancer 
shaft supported on said balancer shaft support 
member, 

wherein said lower block is made of an alumi- 
num-based material and includes a bearing cap 
made of an iron-based material and embedded 
therein for supporting a journal portion of a 
crankshaft, 

wherein said lower block is fixed to opposite 
sidewalls of said cylinder block which is made 
of an aluminum-based material, 
wherein said balancer shaft support member 
being fixed to a lower surface of said lower 
block, and 

wherein an oil passage for supplying the oil to 
the journal portion of the crankshaft is defined 
in a surface of said cylinder block to which said 

lower block is coupled and which is opposed to 
said bearing cap, said oil passage diverging 
from an oil passage for supplying the oil to said 
lubricating oil passage in said balancer shaft 
support member. 

9. A rotary shaft lubricating structure according to 
claim 6, 

wherein said lubricating oil passage is defined 
offset from the center of said bearing bore toward 
said lower block. 


Patentanspruche 

1. Drehwellen-Schmierungsstruktur zum Schmieren 
einer Mehrzahl drehender Wellen durch Olzufuhr 
von einer stromaufwartigen Seite zu einer stromab- 
wartigen Seite einer in einem Lagerblock gebilde- 
ten Schmierolpassage, umfassend: 

eine Mehrzahl von Lagerbohrungen, wobei die 
Schmierolpassage durch die Mehrzahl von La- 
gerbohrungen hindurchgeht; und 
eine Mehrzahl ringfdrmiger Lagerelemente, 
wobei die drehenden Wellen jeweils in der 
Mehrzahl ringformiger Lagerelemente gehal- 
ten sind, von denen zumindest eines eine erste 
und eine zweite Olbohrung aufweist, die um ei- 
nen vorbestimmten Winkel mit Abstand vonein- 
ander angeordnet sind, und wobei die Lager- 
elemente in der Mehrzahl von in dem Lager- 
block gebildeten Lagerbohrungen befestigt 
sind, 

wobei sich die erste und die zweite Olbohrung 
in den Lagerelementen au3er einem am strom- 
abwartigen Ende gelegenen Lagerelement, 
das sich an einem stromabwartigen Ende in 01- 
zufuhrrichtung befindet, in die Schmierolpassa- 
ge affnen, 

wobei sich eine stromaufwdrtige Olbohrung in 


dem am stromabwartigen Ende gelegenen La- 
gerelement in die Schmierdtpassage dffnet» 

gekennzeichnet durch 
5 eine stromabwartige Olbohrung in dem am 

stromabwartigen Ende gelegenen Lagerelement, 
wobei die stromabwdrtige Olbohrung durch den La- 
gerblock verschlossen ist, so dass sie auSerhalb 
der Schmierolpassage bleibt. 

10 

2. Drehwellen-Schmierungsstruktur nach Anspruch 1 , 

wobei der Lagerblock durch einen Bolzen mit 
einem Korperblock verbunden ist, der eine 01- 
15 passage zur Olzufuhr zu der Schmierolpassa- 

ge aufweist, 

wobei eine andere dipassage um einen Au- 

Benumfang einer Bolzenbohrung, durch die der 
Bolzen eingesetzt ist, herum ausgebildet ist, 
20 um mit der Schmierolpassage in dem Lager- 

block in Verbindung zu stehen, und 
wobei die Schmierolpassage in dem Lager- 
block von der Mitte der Lagerbohrung zu dem 
Korperblock hin versetzt ausgebildet ist. 

25 

3. Drehwellen-Schmierungsstruktur nach Anspruch 2, 

wobei die erste und die zweite Olbohrung um 
einen von 180° abweichenden Winkel mit Abstand 

voneinander angeordnet sind. 

30 

4. Drehwellen-Schmierungsstruktur nach Anspruch 2, 

wobei die erste und die zweite Olbohrung um 
einen Winkel gleich 180** mit Abstand voneinander 
angeordnet sind. 

35 

5. Drehwellen-Schm ierungsstruktur nach Anspruch 1 , 

wobei der Lagerblock durch einen Bolzen mit 
einem Korperblock verbunden ist, der eine 01- 
^0 passage zur Olzufuhr zu der Schmierolpassa- 

ge aufweist, 

wobei eine Olpassage um einen AuBenumfang 
einer Bolzenbohrung, durch die der Bolzen ein- 
gesetzt ist, herum ausgebildet ist, um mit der 
45 Schmierolpassage in dem Lagerblock in Ver- 

bindung zu stehen, 

wobei die Schmierdtpassage in dem Lager- 
block so ausgebildet ist. dass sie sich durch die 
Mitte der Lagerbohrung erstreckt, und 
50 wobei die erste und die zweite Olbohrung um 

einen von ISO** abweichenden Winkel mit Ab- 
stand voneinander angeordnet sind. 

6. Drehwellen-Schm ierungsstruktur nach Anspruch 1 , 

55 

wobei der Lagerblock ein Ausgleichswellen- 
Halteelement aufweist, das mit einer Unterseite 
des Zylinderblocks eines Motors durch einen 
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unteren Block verbunden ist, 
wobei die drehende Welle eine Ausgleichswel- 
(e aufweist, die an dem Ausgleichswellen-Hal- 
teeiement gehalten ist, 

wobei der untere Block, der eine Lagerkappe 5 
zum Halten eines Zapfenabschnitts einer Kur- 
belwelle aufweist, In Aniage an entgegenge- 
setzten Seitenwanden des Zylinderblocks an- 
geordnet ist, wobei das Ausgleichswellen-Hal- 
teelement in Aniage an einer Unterselte des un- io 
teren Blocks angeordnet ist, wobei der untere 
Block und das Ausgleichswellen-Halteelement 
durch einen gemeinsamen Bolzen gemeinsam 
an den Zylinderblock geklemmt sind, und 
wobei eine Bohrung, durch die der Bolzen ein- is 
gesetzt ist. als Olpassage zur Olzufuhr zu der 
Schmierolpassage genutzt wird. 

7. Drehwellen-Schmierungsstruktur nach Anspruch 6, 

wobei die Schmierolpassage von der MItte 20 
der Lagerbohrung zu dem unteren Block hin ver- 
setzt ausgebildet Ist. 

8. Drehwellen-Schmierungsstruktur nach Anspruch 1 , 

25 

wobei der Lagerblock ein Ausgleichswellen- 
Halteelement aufweist, das mit einer Unterselte 
des Zylinderblocks des Motors durch eInen un- 
teren Block verbunden ist, 

wobei die drehende Welle eine Ausglelchswel- 30 f 
le aufweist. die an dem Ausglelchswellen-Hal- 
teelement gehalten Ist, 

wobei der untere Block aus Material auf Alumi- 
niumbasis hergestedt ist und eine Lagerkappe 
enthalt, die aus Material auf Eisenbasis herge- 35 
stent ist und darin eingebettet 1st, urn einen 
Zapfenabschnitt einer Kurbelwelle zu halten, 
wobei der untere Block an entgegengesetzten 
Seitenwanden des Zylinderblocks, der aus Ma- 
terial auf Alumlnlumbasis hergestellt Ist, bete- 
stigt ist, 

wobei das Ausglelchswellen-Halteelement an 
einer Unterselte des unteren Blocks befestlgt 
ist, und 

wobei eine Olpassage zur Olzufuhr zu dem 45 
Zapfenabschnitt der Kurbelwelle in jener Selte 
des Zylinderblocks gebildet ist, mit der der un- 
tere Block verbunden ist und die der Lagerkap- 
pe gegenuberliegt, wobei die Olpassage von 
einer Olpassage zur Olzufuhr zu der Schmier- so 
dipassage In dem Ausglelchswellen-Halteele- 
ment abzweigt. 

9. Drehwellen-Schmierungsstruktur nach Anspruch 6, 

wobei die Schmierolpassage von der MItte ss 
der Lagerbohrung zu dem unteren Block hIn ver- 
setzt ausgebildet Ist. 


Revendications 

1. Structure de lubrification d'arbre rotatif destin6e k 
la lubrification d'une plurality d'arbres rotatifs en 
fournlssant de I'huile k partir d'un cdt4 amont jus- 
qu'd un c6t6 aval d'un passage d'huile de lubrifica- 
tion d6flni dans un bloc de palier, comprenant : 

une plurality d'al^sages de palier, ledit passage 
d'huile de lubrification passant au travers de la- 
dite plurality d'al^sages de palier ; et 
une plurality d'§l6ments de palier annuialres, 
lesdits arbres rotatifs 6tant respectivement 
supportds dans ladite pluraiite d'^l^ments de 
palier annuialres dont au molns Tun d'entre eux 
comporte un premier et un second al^sage de 
passage d'huile separ^s I'un de I'autre d'un an- 
gle pr6d6termin6, lesquels 6l6ments de palier 
sont fix^s dans ladite plurality d'al^sages de 
palier d^finis dans le bloc de palier, 
dans laquelle lesdits premier et second al^sa- 
ges de passage d'huile am^nag^s dans les^l^- 
ments de palier, k Texception d'un 6l6ment de 
palier du cdt6 de I'extr^mite aval situ§ k une ex- 
tr^mlt^ aval dans un sens d'alimentatlon en hul- 
le s'ouvrent dans (edit passage d'huile de lubri- 
fication, 

dans laquelle un al^sage de passage d'huile 
cdt§ amont dans ledit 616ment de palier cdt^ 
extr^mlt^ aval s'ouvre dans ledit passage d'hui- 
le de lubrification, caract^rls^e par 
un al^sage de passage d'huile c6\§ aval dans 
ledit element de palier cote extr^mit^ aval, le- 
quel al^sage de passage d'huile cdt6 aval est 
ferm6 par ledit bloc de palier afin de rester en 
dehors dudit passage d'huile de lubrification. 

2. Structure de lubrification d'arbre rotatif selon la re- 
vendication 1 , 

dans laquelle ledit bloc de palier est couple au 
moyen d'un boulon k un bloc principal compor- 
tant un passage d'huile destine k allmenter en 
huiie ledit passage d'huile de lubrification, 
dans laquelle un autre passage d'huile est d6- 
flnl autour d'une p§riph6rie externe d'un al^sa- 
ge de boulon, dans lequel ledit boulon est in- 
troduit, afin de communiquer avec ledit passa- 
ge d'huile de lubrification dans ledit bloc de pa- 
lier, et 

dans laquelle ledit passage d'huile de lubrifica- 
tion dans ledit bloc de palier est d^finl de ma- 
ni^re d^cal^e du centre dudit al^sage de palier 
vers ledit bloc principal. 

3. Structure de lubrification d'arbre rotatif selon la re- 
vendication 2. dans laquelle lesdits premier et se- 
cond alesages de passage d'huile sont s^par^s I'un 
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de I'autre d'un angle autre que ISC. 

4. Structure de lubrification d'arbre rotatif selon la re- 
vendication 2, dans laquelle lesdits premier et se- 
cond ai^sages de passage d'huile sont s6par^s Tun 
de i'autre d'un angle 6gal d 180". 

5. Structure de lubrification d'arbre rotatif selon la re- 
vendication 1, dans iaquelle ledit bloc de palier est 
coupid au moyen d'un boulon k un bloc principal 
comportant un passage d'huile destine k alimenter 
en huile ledit passage d'huile de lubrification, 

dans laquelle un passage d'huile est ddfini 
autour d'une p6riph6rie externe d'un al6sage 
de boulon, dans lequel ledit boulon est intro- 
duit, afin de communiquer avec ledit passage 
d'huile de lubrification dans ledit bloc de palier, 
dans laquelle ledit passage d'huile de lubrifica- 
tion dans ledit bloc de palier est d^fini de ma- 
niere k s'^tendre au travers du centre dudit al6- 
sage de palier, et 

dans laquelle lesdits premier et second alesa- 
ges de passage d'huile sont s^par^s I'un de 
I'autre d'un angle autre que 180". 

6. Structure de lubrification d'arbre rotatif selon la re- 
vendlcation 1. 

dans laquelle ledit bloc de palier comprend un 
§l^ment de support d'arbre d'^quilibrage cou- 
ple k une surface inf^rleure du bloc cylindre 
d un moteur par rinterm^dialre d'un bloc inf^- 

rieur, 

dans laquelle ledit arbre rotatif comprend un ar- 
bre d'equilibrage en support sur ledit Element 
de support d'arbre d'equilibrage, 
dans laquelle le bloc inferleur comportant un 
chapeau de palier destine k supporter une par- 
tie de portee d'un vilebrequin est positionn6 en 
butee contre des parois tat^rales oppos^es du- 
dit bloc cylindre, ledit element de support d'ar- 
bre d'equilibrage etant positionn6 en but6e 
contre une surface inf6rieure dudit bloc infe- 
rleur, ledit bloc inferieur et ledit eidment de sup- 
port d'arbre d'equilibrage etant fixes en com- 
mun sur ledit bloc cylindre au moyen d'un bou- 
lon commun, et 

dans laquelle un alesage au travers duquel 
passe ledit boulon est utilise en tant que pas- 
sage d'huile afin d'alimenter en huiie ledit pas- 
sage d'huile de lubrification. 

7. Structure de lubrification d'arbre rotatif selon la re- 
vendication 6, dans laquelle ledit passage d'huile 
de lubrification est defini de maniere decaiee par 
rapport au centre dudit atesage de palier vers ledit 
bloc inferieur. 


8. Structure de lubrification d'arbre rotatif selon la re- 
vendicatlon 1 . 

dans laquelle ledit bloc de palier comprend un 
5 element de support d'arbre d'equilibrage cou- 

ple k une surface inferieure du bloc cylindre 
d'un moteur par I'intermediaire d'un bloc infe- 
rieur, 

dans laquelle ledit arbre rotatif comprend un ar- 
10 bre d'equilibrage en support sur ledit element 

de support d'arbre d'equilibrage, 
dans iaquelle le bloc inferieur est fabrique dans 
un materiau k base d'aluminium et comprend 
un chapeau de palier fabrique dans un mate- 
's riau k base de fer et loge dans celui-ci afin de 
supporter une partie de portee d'un vilebrequin, 
dans laquelle ledit bloc inferieur est fixe sur des 
parois laterales opposees dudit bloc cylindre 
qui est fabrique dans un materiau k base d'alu- 
minium, 

dans laquelle ledit element de support d*art3re 
d'equilibrage est fixe sur une surface inferieure 
dudit bloc inferieur, et 

dans laquelle un^passage d'huile destine k ali- 
menter en huile la partie de portee du vilebre- 
quin est defini dans une surface dudit bloc cy- 
lindre auquel est couple ledit bloc inferieur et 
qui est oppose au dit chapeau de palier, ledit 
passage d'huile etant en derivation d'un passa- 
ge d'huile destine k alimenter en huile ledit pas- 
sage d'huile de lubrification dans ledit element 
de support d'arbre d'equilibrage. 

Structure de lubrification d'arbre rotatif selon ta re- 
vendication 6, dans laquelle ledit passage d'huile 
de lubrification est defini de maniere decaiee du 
centre dudit aiesage de palier vers ledit bloc infe- 
rieur. 
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